###### Key questions

What is already known about this subject?
=========================================

-   Patients with non-specific chest pain feel equally or more disabled than patients with cardiac chest pain and are a major burden on healthcare resources.

-   Patients with non-specific chest pain are an established subset of patients who present to chest pain units, and musculoskeletal problems are well recognised as a potential cause of chest pain.

-   There are few interventions that offer care in a cost-effective manner for this patient group.

What does this study add?
=========================

-   In terms of health-related quality of life, primary care in the form of chiropractic care has similar effectiveness as self-management in patients with musculoskeletal chest pain.

-   Community-based chiropractic care is more cost-effective than self-management as it is associated with fewer hospital admissions and lower healthcare costs.

How might this impact on clinical practice?
===========================================

-   The results indicate that close contact with a primary care provider lowers the rate of hospitalisation, which is not achieved when patients are left to manage their condition on their own. A multifaceted, person-centred approach targeting both psychosocial and biomechanical aspects of chest pain is recommended.

Introduction {#s1}
============

Over the past 25 years, hospital admissions for suspected acute coronary syndrome have increased in many countries.[@R1] [@R2] The majority of these patients are diagnosed with angina pectoris or as suffering from non-specific chest pain (NSCP), that is, coronary disease is not the cause of their pain. NSCP may account for up to 80% of visits to rapid access chest pain clinics because of new episodes of chest pain.[@R3] [@R4]

In 2013, the mean annual societal cost per NSCP patient was estimated at ∼€10 000.[@R5] Given that 15 million patients are admitted to a hospital with NSCP annually in the USA and Europe,[@R6] [@R7] the total costs exceed €150 billion annually, which is similar to the costs incurred by society for patients diagnosed with acute myocardial infarction and angina pectoris.[@R5] [@R6] [@R8] [@R9] Hospital admission days account for 70--90% of the initial healthcare costs,[@R6] [@R10] but patients with NSCP continue to incur costs because they often experience repeated episodes of pain,[@R11] [@R12] that result in further admissions,[@R5] [@R8] decreased quality of life,[@R11] [@R12] sick leave and lost productivity.[@R5] In addition, they seek care from a range of healthcare providers outside the hospital setting[@R3] [@R5] [@R12] [@R13] at a level that exceeds those of patients who are diagnosed with chest pain associated with cardiac disease.[@R12] The potential benefit of primary care sector healthcare and the related costs for this patient group are rarely investigated in randomised trials.[@R14]

Patients with NSCP are an established subset of patients who present to chest pain units, and musculoskeletal problems are well recognised as potential causes of chest pain, with an estimated prevalence of 10--30%[@R15] among patients with NSCP. In 2012, we reported clinical outcomes of a pragmatic, randomised clinical trial evaluating the relative effectiveness of usual care in combination with a primary sector care approach (chiropractic care) compared with usual care in combination with a minimal intervention (self-management). This was in patients presenting to a Danish university hospital with an episode of acute chest pain that was first diagnosed as NSCP and subsequently diagnosed as musculoskeletal chest pain.[@R18] [@R19] The chiropractic care group did significantly better than the self-management group, in terms of global perceived effect after 4 weeks of treatment and pain intensity after 12 weeks; however, there were no significant differences between groups after 52 weeks. The aim of the current analysis was to evaluate the 1-year cost-effectiveness of the two approaches in terms of healthcare utilisation, medication and quality of life using self-report questionnaires and Danish national registry-based resource use data.

Methods {#s2}
=======

The design and methods of the randomised clinical trial have previously been reported.[@R18] A brief overview is provided here.

Settings and participants {#s2a}
-------------------------

The trial was conducted in an emergency cardiology department at a Danish 1200-bed, urban, university hospital and at four community-based chiropractic clinics from 6 August 2006 to 31 March 2008. The study was approved by the Regional Ethics Committee of Vejle and Funen Counties, Denmark (approval number \#VF 20060002) and registered at ClinicalTrials.gov (identification number NCT00462241). All patients presenting at the emergency unit with an episode of acute chest pain underwent the routine diagnostic procedures performed by specialist cardiology nurses under cardiologist supervision. When a patient was discharged from the unit, the study clinician (MJS) screened the patient\'s records to assess eligibility for inclusion in the trial. The eligibility criteria are presented in [box 1](#bx1){ref-type="boxed-text"}. Box 1Eligibility criteriaInclusion criteria▸ Participants should have had a primary complaint of acute chest pain of \<7 days\' duration, but not have had a diagnosis of acute coronary syndrome or another definite cardiac or medical diagnosis causing the chest pain, should be aged 18--75 years, be a resident of the local county and be able to read and understand Danish. In addition, participants should have undergone diagnostic procedures to rule out acute coronary syndrome and should not have shown significant comorbidity or contraindications for spinal manipulative therapy.Exclusion criteria▸ Previous acute coronary syndrome, prior percutaneous coronary intervention or coronary artery bypass grafting, inflammatory joint disease, insulin-dependent diabetes, fibromyalgia, malignant disease, major osseous anomaly, osteoporosis, apoplexy or dementia, inability to cooperate, and pregnancy. In each case, the cause of exclusion was noted.

Trial procedures {#s2b}
----------------

After providing written informed consent, the participants were assessed at baseline by the study clinician using a standardised and previously validated examination protocol.[@R20] The baseline examination protocol consisted of four main components: patient self-report questionnaires, a detailed case history, a general health examination, and systematic palpation of the chest wall and spine. Patients were classified as having musculoskeletal chest pain if the pain was deemed to be caused by mechanical joint and muscle dysfunction related to C4-T8 somatic structures of the spine and chest wall as established by palpation.[@R20] Only patients with a diagnosis of musculoskeletal chest pain were eligible for randomisation. Demographic and clinical information was collected through patient self-report questionnaires and checklists used by the study clinician. Detailed trial procedures, sample size estimation, randomisation and blinding have been described elsewhere.[@R18]

Description of interventions {#s2c}
----------------------------

At the time of discharge from the Department of Cardiology, both groups received usual care, which typically consisted of a brief (5 min) consultation with the attending cardiologist. In the case of persistent or recurrent pain, the patients were instructed to consult their general practitioner (GP).

Participants were randomised into one of two management strategies: chiropractic care or self-management.

### Chiropractic care {#s2c1}

Chiropractic consultations were offered as musculoskeletal healthcare management in the primary care sector. In Denmark, chiropractors are an integrated part of the primary healthcare sector and licensed to act as first healthcare entry for patients with musculoskeletal symptoms under the Danish National Health Insurance system.

Participants in the chiropractic care group were assigned to one of eight experienced chiropractors in their local community. Each chiropractor applied a pragmatic, individually tailored management strategy based on the age, physical condition and particular problem of each patient. A wide range of manual therapies and exercises were given, adapted to each individual patient.[@R18] Furthermore, time was dedicated to address the patient\'s concerns and to give advice. A maximum of 10 20 min treatment sessions one to three times per week for 4 weeks was allowed. If the patient became pain-free sooner, the treating chiropractor could discharge the patient.

### Self-management {#s2c2}

Immediately following allocation to the self-management group, the study clinician (MJS) gave each participant a 15 min consultation consisting of reassurance and advice to address the patient\'s concerns and to promote self-management. Participants were told that their chest pain had a benign, self-limiting course and were given two to three home exercises.

Healthcare utilisation, medication and associated costs {#s2d}
-------------------------------------------------------

The analysis was conducted from a societal perspective, that is, all relevant costs and effects were measured regardless of who paid the costs and who benefited from the effects. We included direct costs and effects. The included categories of costs are presented in [figure 1](#OPENHRT2015000334F1){ref-type="fig"}. Danish national registries use unique, personal identification numbers issued to all Danish residents to record data about hospital contacts and primary sector healthcare utilisation.[@R23] In Denmark, the cost of healthcare utilisation is primarily financed by the Danish National Health Service. Exceptions to this are chiropractic, physiotherapy and psychology consultations, which incur some additional out-of-pocket expenses paid by the patient. Use of prescriptive medication is registered in the Odense Pharmaco-Epidemiological Database using international Anatomical Therapeutic Chemical Classification System codes (ATC), which contain information on the dispensing of all medications prescribed by a physician and subsidised by the national health insurance at any pharmacy.[@R26] Patient self-report questionnaires about clinical outcomes and resource use that were not available from the national registries were collected at baseline and 4, 12 and 52 weeks after baseline. Patients were asked to describe their use of complementary and alternative medicine (CAM) and non-prescriptive drugs during the previous 3 months.

![(A) The types of costs that were included in the analysis, and (B) the types of costs that were not included (modified from Torrance *et al*[@R27]). \*Indicates that the service is paid by the patient, but partially reimbursed by the National Danish Health insurance. CAM, complementary and alternative medicine; ER, emergency room; GP, general practitioner.](openhrt2015000334f01){#OPENHRT2015000334F1}

Direct costs included: the intervention costs (chiropractic care and the self-management sessions); additional visits to mainstream healthcare and CAM providers; prescriptive and non-prescriptive drugs; and hospital contacts. Valuation of a chiropractic intervention was based on standard fees according to the national collective agreement between the Danish Chiropractic Association and the Danish National Health Service. A self-management session was valued as being equivalent to one standard chiropractic consultation. Costs of prescriptive medication were calculated on the basis of prices charged by the pharmacies (excluding VAT), and the costs of primary healthcare provider and hospital contacts were based on the standard patient fees paid by the Danish National Health Service. All monetary values are presented in euros at 2014 cost levels, and therefore costs were uplifted to August 2014 price levels using the Consumer Price Index maintained by Statistics Denmark.

Health-related quality of life measures {#s2e}
---------------------------------------

General health status was measured using the Medical Outcomes Study Short Form 36-item Health Survey (SF-36, v1US). The SF-36 is a generic health status instrument covering both physical and mental aspects of health.[@R28] [@R29] The six-dimensional health status short form (SF-6D) is a health status classification system that can be generated from the SF-36 responses. It is composed of six multilevel dimensions: physical functioning, role limitations, social functioning, pain, mental health and vitality. A scoring programme has been developed to transform the SF-36 responses into a single preference-weighted quality-of-life index (QoL-index) score (SF-6D); the revised Brazier algorithm being used here to score the SF-36 data into the score index on a 0--1 scale.[@R30] The algorithm provided scores ranging from 0.160 to 1.0.[@R31] [@R32]

The EuroQol five-dimension questionnaire (EQ-5D) is a generic utility-based health status instrument comprising five dimensions of health (mobility, self-care, usual activities, pain/discomfort, anxiety/depression), which in its original version are each divided into three levels of severity.[@R33] [@R34] In this study, we used five levels of severity in each dimension, as suggested by Kind and Macran[@R35] and subsequently tested by Janssen *et al*.[@R36] [@R37] Patients were asked to describe their health status as of 'today'. The recommended Danish scoring algorithm was applied to calculate an index score, with 0 denoting death and 1 denoting perfect health.[@R38] This algorithm provided scores ranging from −0.624 to 1.0. The EQ-5D instrument includes health states worse than death and assigns to these values lower than 0 (negative values).[@R39]

Statistical analysis {#s2f}
--------------------

Baseline characteristics were reported as percentages for binary variables, and as mean values and SDs for continuous variables. Multiple imputations based on fully conditional specifications were used to impute missing outcome data at follow-up. For each analysis, the imputations were based on a model that included the outcome variables at all time points and group allocation. By multiple imputation, five imputed data sets were created, each of which was analysed separately. The results of the five analyses were pooled using Rubin\'s rules.[@R40]

Mean values and SDs were computed for each of the two QoL-index outcome measures in each treatment group. The difference in mean values was assessed using change scores adjusted for baseline differences using analysis of covariance and reported with 95% CIs. The incremental health-related quality of life (HRQoL) was calculated as the mean difference-in-difference in the QoL-index between the intervention groups. Quality-adjusted life years (QALYs) were also calculated based on the two QoL-indices. The 1-year QALYs were calculated by multiplying the utilities with the amount of time a patient spent in a particular health state. Transitions between health states were linearly interpolated.

Healthcare utilisation was reported as the number and proportion of patients visiting a healthcare provider group or using a service, total and mean number of visits or services, and associated total and mean costs. The two groups were compared at follow-up using χ^2^ test for proportions and t test (two-sided) for total and mean number of visits. Differences in mean costs per user and per patient in the intervention groups, respectively, were computed using pairwise comparisons of means and reported together with 95% CIs.

To facilitate comparison between self-report and registry-based costs, costs from the self-report questionnaires were extrapolated to estimate annual costs. Data from the 12 weeks follow-up were extrapolated forwards to estimate the first 26 weeks, and data from the 12-month follow-up were extrapolated backwards to estimate the last 26 weeks.

The average costs per person and treatment effects, as well as the incremental cost-effectiveness ratio between the two groups were calculated and graphically displayed in the cost-effectiveness plane using bias-corrected bootstrapping with 1000 repetitions. Acceptability curves were constructed to show the probability that the chiropractor intervention was cost-effective at different threshold values for a QALY. The probability that the intervention was cost-effective compared with the control was reported for a given maximum acceptable ceiling ratio of €30 000 per QALY and €100 000 per QALY.

These statistical analyses were performed on the basis of the intention-to-treat principle, that is, patients were analysed in the group to which they were allocated. Analyses were performed using STATA (Stata Statistical Software: release V.13.1. Stata Corp, College Station, Texas, USA). Transformation of the SF-36 to the QoL-index was performed using IBM SPSS Statistics release V.21.0.0.0.

Results {#s3}
=======

One hundred and fifteen patients were included and randomised, 59 patients to chiropractic care, and 56 to self-management. Randomisation resulted in two groups with similar baseline values for the clinical variables. In the chiropractic care group, n=0 (0%), n=8 (14%) and n=9 (15%) were lost to self-report follow-up at 4, 12 and 52 weeks, compared with n=9 (16%), n=8 (14%) and n=16 (29%) in the self-management group. All 115 patients (100%) were followed over 1 year using national registries. The flow of participants through the trial is provided in online [supplementary figure](#SM1){ref-type="supplementary-material"} S1. [Table 1](#OPENHRT2015000334TB1){ref-type="table"} shows the baseline characteristics of the chiropractic care and self-management groups.

###### 

Baseline patient characteristics. Data are expressed as means and ±SDs or absolute numbers and relative frequencies (in parentheses)

  ----------------------------------------------------------------------------
                                       Chiropractic care\   Self-management\
                                       n=59                 n=56
  ------------------------------------ -------------------- ------------------
  Age, years±SD                        51.4±10.0            50.8±12.1

  Female, n (%)                        26 (44.0)            22 (39.3)

  Maximum chest pain (0--10),\* ±SD    6.7±2.4              5.9±2.3

  EQ-5D, mean±SD                       0.738±0.021          0.718±0.022

  SF-6D, mean±SD                       0.695±0.015          0.676±0.016

  Married/living with someone, n (%)   51 (86.4)            50 (90.9)

  Working, n (%)                       44 (75.9)            35 (63.6)

  College graduate, n (%)              16 (27.6)            16 (30.2)

  Expectation of treatment†                                 

   Chiropractic care±SD                2.2±0.5              2.1±0.6

   Self-management±SD                  2.3±0.5              2.3±0.6
  ----------------------------------------------------------------------------

\*Pain intensity was reported on an 11-point numeric rating scale ranging from 0=no pain to 10=worst possible pain.

†Expectation was reported as average ratings on a five-point box scale (much better=1 to much worse=5).

EQ-5D, EuroQol five-dimension questionnaire; SF-6D, six-dimensional health status short form.

10.1136/openhrt-2015-000334.supp1

Clinical outcomes {#s3a}
-----------------

[Table 2](#OPENHRT2015000334TB2){ref-type="table"} presents the HRQoL scores at baseline and at the three follow-up time points. In both groups, there was an increase in the HRQoL scores, but there were no statistically significant differences between the two groups at any of the time points or any trends in favour of either group. The group difference in QALYs was negligible.

###### 

Multiple imputed clinical outcomes at follow-up

  -----------------------------------------------------------------------------------------
  Outcome                Chiropractic care\   Self-management\   Difference\*
                         (n=59)               (n=56)             
  ---------------------- -------------------- ------------------ --------------------------
  EQ-5D                                                          

   Baseline              0.738±0.021          0.718±0.022        

   4 weeks               0.786 (0.021)        0.796 (0.018)      −0.021 (−0.065 to 0.023)

   12 weeks              0.811 (0.023)        0.792 (0.020)      0.009 (−0.044 to 0.062)

   52 weeks              0.826 (0.023)        0.823 (0.024)      −0.033 (−0.069 to 0.062)

   1-year QALY (EQ-5D)   0.811 (0.019)        0.802 (0.017)      0.0094 (−0.041 to 0.060)

  SF-36                                                          

   Baseline              0.695±0.015          0.676±0.016        

   4 weeks               0.742 (0.018)        0.727 (0.020)      0.004 (−0.039 to 0.047)

   12 weeks              0.757 (0.018)        0.754 (0.021)      −0.010 (−0.056 to 0.035)

   52 weeks              0.788 (0.018)        0.774 (0.021)      0.003 (−0.045 to 0.051)

   1-year QALY (SF-6D)   0.765 (0.0157)       0.756 (0.0190)     0.0092 (−0.039 to 0.058)
  -----------------------------------------------------------------------------------------

\*The mean outcome differences between chiropractic care and self-management were adjusted for the baseline difference.

EQ-5D, EuroQol five-dimension questionnaire; QALY, quality-adjusted life year; SF-6D, six-dimensional health status short form; SF-36, Short Form 36-item Health Survey.

Healthcare utilisation and medication {#s3b}
-------------------------------------

Online [supplementary table](#SM2){ref-type="supplementary-material"} S1 lists the healthcare utilisation and associated costs in the chiropractic care and self-management groups. As part of the intervention, the chiropractic care patients had an average of 7.0 chiropractic visits (minimum=1, maximum=10), and 19 patients (32%) had an X-ray performed. All patients in the self-management group (n=56) completed the information session. Overall, fewer chiropractic care patients used healthcare services and those that did had a lower mean number of visits for some of these services compared with the self-management patients: GP after-hours service (12% vs 29% (p=0.03), 1.1 vs 2.0 visits (p=0.11)), admissions to cardiology departments (3% vs 18% (p=0.01), 1.0 vs 1.3 admissions (p=0.28)), cardiology ambulatory visits (14% vs 30% (p=0.03), 1.1 vs 1.5 visits (p=0.13)) and other ambulatory visits (34% vs 41% (p=0.43), 2.3 vs 4.0 visits (p=0.02)). For visits to primary care musculoskeletal providers (chiropractors and physiotherapists), the chiropractic care group showed a trend towards a higher proportion of patients visiting chiropractors (32% vs 18% (p=0.08), 4.6 vs 5.8 visits (p=0.07)) in the follow-up period compared with the self-management group, but a slightly lower proportion visiting physiotherapists (10% vs 14% (p=0.50), 5.8 vs 35.1 visits (p=0.27)). For both provider types, the chiropractic care group had a statistically non-significant lower mean number of visits. Use of non-prescriptive and prescriptive medication was similar for the two groups, except for non-prescriptive mild analgesics (32% vs 13% (p=0.01)) and herbal medicine (15% vs 0% (p=0.002)), which were significantly higher in the chiropractic care group, and lower for prescriptive opioids (7% vs 13% (p=0.3)) and lipid-modifying drugs (9% vs 17% (p=0.05); see online [supplementary table](#SM2){ref-type="supplementary-material"} S2).
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Costs {#s3c}
-----

The mean intervention cost of the chiropractic care was higher than the cost of self-management (€403.7 vs €44.8, mean difference €358.9, 95% CI (321.4 to 396.4); see online [supplementary tables](#SM2){ref-type="supplementary-material"} S1 and S4). Subsequent healthcare costs relating to primary care were overall similar between the groups (€409.4 vs €502.9, mean difference −€93.5; 95% CI (−321.6 to 134.7)), whereas costs of hospital care were lower in the chiropractic care group (€1919.5 vs €4305.8, mean difference −€2386.3, 95% CI (−4580.5 to −192.0)).

Total 1-year costs in the chiropractic care group were €2183 lower than in the self-management group, but this difference was not statistically significant (95% CI (−4410.5 to 43.0); [table 3](#OPENHRT2015000334TB3){ref-type="table"}). The main contributor to the cost difference was admissions to hospital (see online [supplementary table](#SM2){ref-type="supplementary-material"} S1).

###### 

The total and mean costs of the interventions, healthcare utilization and 1-yer total costs per person (€) with 95% CIs

  -------------------------------------------------------------------------------------------------------------------------------
                       Chiropractic care\   Self-management\      Mean difference                         
                       n=59                 n=56                                                          
  -------------------- -------------------- --------------------- ----------------- --------------------- -----------------------
  Intervention costs   23 821               404 (367 to 441)      2511              45 (45 to 45)         359 (321 to 396)

  Healthcare costs     155 604              2637 (1942 to 3333)   290 082           5180 (2990 to 7370)   −2543 (−4767 to −319)

  Total 1-year costs   179 426              3041 (2337 to 3745)   292 593           5225 (3035 to 7415)   −2184 (−4411 to 43)
  -------------------------------------------------------------------------------------------------------------------------------

Cost-effectiveness {#s3d}
------------------

The incremental costs were −€2184 (savings) and the incremental effect was 0.0092 and 0.0096 QALY using the EQ-5D and SF-36, respectively. This indicates that the chiropractor intervention dominated the information intervention by providing similar (or slightly improved) health utility at an overall lower cost.

The joint distribution of costs and effects (EQ-5D) are presented in [figure 2](#OPENHRT2015000334F2){ref-type="fig"}. Sixty-five per cent of the bootstrapped incremental cost--effect pairs fall in the southeast quadrant indicating a positive QALY gain at lower costs by chiropractic care compared with self-management. Thirty-three per cent falls in the southwest quadrant, indicating less health utility but at lower costs. Consequently, there is a 65% probability that chiropractic care generates better outcomes and is less costly than self-management. These findings are similar when the SF-36 was used as the utility measure (data not shown). The cost-effectiveness acceptability curve using EQ-5D is presented in online [supplementary figure](#SM1){ref-type="supplementary-material"} S2. Given a maximum acceptable ceiling ratio of €30 000 per QALY gained, the probability that chiropractic care is cost-effective compared with self-management is 0.972. At €100 000 per QALY gained, the probability is 0.881. When using SF-36, the probability that chiropractic care is cost-effective compared with self-management is 0.958 and 0.874 given a maximum acceptable ceiling ratio of €30 000 and €100 000 per QALY gained, respectively (data not shown).

![Scatter plot of estimated joint density of incremental costs and incremental effects (quality-adjusted life years (EuroQol five-dimension questionnaire, EQ-5D)) of chiropractic care versus self-management obtained by bootstrap resampling.](openhrt2015000334f02){#OPENHRT2015000334F2}

Discussion {#s4}
==========

In this analysis of data from a randomised clinical trial assessing the cost-effectiveness of two strategies to reduce pain and improve quality of life in patients with musculoskeletal chest pain, we observed no statistically significant differences between the two strategies in QALYs gained. We did, however, observe lower total healthcare costs in the chiropractic care group during the first year after enrolment in the trial (−€2184; 95% CI −4411 to 43). Assuming identical gains in HRQoL, the study showed that chiropractic care is more cost-effective when compared with self-management in patients presenting with an acute episode of musculoskeletal chest pain. Similar results, when using the two utility measures, support the robustness of these findings. The study showed that this patient group with musculoskeletal chest pain has a high use of healthcare resources with high associated costs.

Using registry-based data on healthcare utilisation, prescriptions and associated costs have two major advantages. First, using the unique personal identification number assigned to each Danish resident, we were able to track all hospital and public primary care utilisation and medication use over the 1-year follow-up period with no loss to follow-up. We were not able to track the use of primary care utilisation covered by private insurance plans (primarily use of chiropractic, physiotherapy and psychology services), but compared with hospital costs, the costs of these private plans are negligible and not likely to influence the results. Second, the presented costs are actual incurred costs, which reduced the uncertainty regarding the cost estimates. Compared with Swedish reports,[@R5] annual average costs were lower in our study (€3000--€5200); however, this difference may be explained by the lower mean age in our study or perhaps the subset of patients with NSCP suffering from musculoskeletal chest pain incurs fewer costs compared with a mixed group with NSCP. We did not take into account indirect costs, such as sick leave and lost productivity. According to Mourad *et al*,[@R5] costs of sick leave, disability pension and reduced productivity are approximately one-third of total costs. This means that future research into NSCP interventions should address not only healthcare costs, but also how the intervention impacts on work life.

The two groups reported similar HRQoL at all time points, and they were all clinically relevant improvements that were above the minimal important difference[@R41] for the EQ-5D and SF-36 scores, with the largest improvement after 4 weeks. Despite these improvements, both groups reported HRQoL outcomes below the age-matched and sex-matched Danish population norms[@R42] at baseline and at all three follow-ups which confirm that NSCP has an important impact on psychological health and quality of life.[@R43] The statistically significant difference in clinical improvement (pain intensity and global perceived effect) in favour of the chiropractic care group seen in the previous reports of this clinical trial[@R18] [@R19] was not reflected in the HRQoL measures. This may indicate that the two interventions provided similar effects in HRQoL in patients with musculoskeletal chest pain. Alternatively, it could be that the HRQoL measures, which were originally designed to measure change in chronic conditions, are not sufficiently responsive to reflect change in pain intensity or reflect those changes that caused these patients to report a global effect in this acute chest pain condition. This study was powered to detect a difference in the primary outcomes (maximum chest pain and global perceived effect at 4 weeks). It is likely that the study is underpowered to detect a difference in HRQoL at 1-year follow-up with the accompanying risk of a type 2 error. Owing to the limited follow-up of 1 year, we were not able to observe potentially long-term adverse effects of reduced hospital admission in the chiropractic care group; however, we have previously shown that the risk of future cardiac events is low in patients with NSCP and will likely occur within the first year after hospitalisation, if at all.[@R44]

This study was designed as a pragmatic trial with a 12-month follow-up period that was conducted in the real-life context of a large university hospital in Denmark and four community-based chiropractic practices, which strengthens the external validity of our results.[@R45] The main contributor to the lower cost of the chiropractor care group was the lower rate of hospitalisation in that group. We are not able to elucidate why, but psychological factors frequently influence healthcare-seeking generally and have been suggested in chest pain patients specifically.[@R46] [@R47] In particular, fear of activities that cause physical (somatic) sensation with normal activities and 'normal' discomfort (interoceptive fear) are an important factor in understanding the persistent medical-seeking behaviours of some patients with NSCP.[@R43] [@R47] [@R48] We suggest that the key factors in the success of the chiropractic care were the close contact with a primary healthcare provider, who targeted unmet distress, the consideration of psychological and physical factors together, and the neurological and analgesic effect of manual therapy. In any case, it is clear that offering a series of consultations with a musculoskeletal healthcare provider may have positive economic implications that are not achieved when patients are left to manage their condition on their own.

NSCP is defined as the absence of coronary disease and is not a unitary diagnosis but contains a number of diverse subgroups.[@R3] Patients with NSCP may have evidence of gastro-oesophageal, musculoskeletal, psychiatric or psychological abnormalities, and signs of one or more co-occurring conditions. It has been argued that the ability to provide adequate care is limited by a lack of information on the characteristics of patients with NSCP.[@R3] By means of a systematic clinical assessment of this patient group, we were able to identify a subset of patients with suspected musculoskeletal chest pain, and we have demonstrated the cost-effectiveness of a safe and low-tech management strategy for this specific patient group. Considering the large number of people with NSCP, a recommendation in future clinical guidelines of primary care treatment for musculoskeletal chest pain from clinicians, such as chiropractors or similar professions, could result in considerable savings to societies, provided that a multifaceted, person-centred approach was used. In our clinical trial, that comprehensive approach included manual treatment, exercises and advice targeting both psychosocial and biomechanical aspects of chest pain. Future research should evaluate the generalisability of our results to other settings, look into understanding the potentially multifactorial causes of NSCP and recognise the potential for multiple coexisting and potentially mutually reinforcing causes, in diagnosis and treatment.

Conclusion {#s5}
==========

We observed no significant difference in HRQoL, but we did observe significant cost-savings relating to hospital contacts in patients who received usual care in combination with community-based chiropractic care compared with usual care and self-management. This suggests that offering a series of consultations with a musculoskeletal healthcare provider is a more cost-effective approach compared with leaving patients to manage the condition themselves.
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